
































































The Marshall criteria with minor modifications should be used to design 

recycled bituminous concrete mixes . All recycled bituminous concrete 

mixes should be properly designed by a qualified laboratory before mix 

is produced . 

65 . The use of recycling agents may cause an oily film to form 

on the coarse aggregate and thus prevent satisfactory adhesion between 

the aggregate and the asphalt (Figure 20) . However, evidence is insuffi­

cient to indicate that this film exists regardless of the agent used, 

but attention should be given to this problem during mix design and lay­

down operations . Normally, it is recommended that a soft asphalt cement 

instead of a recycling agent be added to form the recycled material . 

Figure 20 . Oily film formed on coarse 
aggregate in recycled mix 

66 . The standard practice has been to overlay recycled AC pave­

ments with a wearing course (Williams, 1978) . This wearing course 

normally consists of a thin layer of AC or a porous friction course . 

Performance generally indicates that a recycled pavement that is not 

overlaid will present some surface deterioration problem, such as 
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raveling. It is believed that this need to overlay recycled pavement 

can be overcome with time, but more knowledge concerning performance of 

recycled AC is needed. 

Heat Exchanger Processing 

67 . One of the plants used to produce hot - recycled AC is the 

heat exchanger (Prody et al . , 1975) . Since the mix is heated by conduc­

tion, the flames do not come in contact with the aggregate or recycled 

mix. Thus the asphalt is not damaged excessively and pollution is 

minimized . However, the fuel cost for heating the mix is high because 

the efficiency is greatly reduced. With the efficiency low, the produc­

tion rate is also lower than desired . 

Drum Mixer Processing 

68 . A drum mixer is often used for recycling AC . The desired 

procedure is to feed the virgin aggregate at the end near the flame and 

to add the old asphalt mix about midway of the mixer . The additional 

asphalt binder is then added after the old asphalt mix . The virgin 

aggregate is heated to a higher temperature than the old mix since it is 

inside the drum longer and the additional heat transfers by conduction 

to the old mix . The virgin aggregate also acts as a shield to prevent 

the flame from excessively damaging the old and new asphalt binder and 

minimizes the air pollution that is produced . This type of drum mixer 

uses the heat very efficiently , and the production rate is high . Pollu­

tion is sometimes a problem; then the mix design has to be adjusted, 

or some other modification made to minimize the pollution . 

Conventional Plant Processing 

69 . Conventional plants can be modified to produce recycled AC . 

When a conventional plant is used , the virgin aggregate is superheated 

in the dryer and sized in the hot bins . The old asphalt mix is added 
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directly to the pugmill where the superheated aggregate and the new 

asphalt binder are added and mixed . Since the old asphalt mix does not 

travel through the dryer , pollution is no problem . The superheated 

aggregate simply heats the mix by conduction . This procedure does re­

quire that a significant amount of new aggregate be used, usually more 

than 50 percent, to allow for proper heating of the mix without having 

to excessively heat the aggregate . 

Laydown Qperation 

70 . Conventional equipment is used for laydown and compaction 

of the recycled AC . Recycled AC looks similar to conventional mix 

during the laydown operation (Figure 21) . When a recycling agent is 

used, an oily film on the coarse aggregate may be apparent . This oily 

film is undesirable since it prevents a bond between the asphalt and 

the aggregate . Inefficient burning of the heating fuel may also cause 

the oily film . 

Figure 21 . Recycled bituminous pavement materials 
during laydown operation 
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Field Performance 

71 . A hot - mix recycled job was performed on the George Washington 

Memorial Parkway near Washington , D. C. (Highway and Heavy Construction , 

1979) . Approximately 7000 tons of hot- mix was placed, of whi ch 50 per­

cent was virgin aggregate and 50 percent old mix . A recycling agent and 

soft asphalt were added to the mix . The old mix was broken up and 

crushed to pass the l - in . sieve . The heat t r ansfer method was used to 

produce the recycled mix . (Aggregate was superheated and mixed with 

the old crushed mix . ) The aggregate was heated to 500°F. Two 2- 1/2- in . 

layers were placed with a 3/4-in ., open- graded friction course over the 

surface . Depending on the l ocation and other factors , this article 

points out that a cost savings of $3 to $8 per t on can be realized us­

ing this method of recycl ing . 

72 . Many pavements have been recycled to produce AC in Texas 

(Epps et al ., 1978) . PCC pavements have been broken up , crushed, mixed 

with asphalt , and placed to form base course and surf ace course mate­

rials . AC pavements have been recycled also to form new AC pavements . 

In general , these recycled pavements have performed satisfactori ly . 

73 . Hot - mix recycling is applicable to Air For ce pavements . 

The old AC or PCC pavements can be removed , crushed, and mixed with 

asphalt binder to produce hot- mix AC that wi ll provide acceptable per­

formance . Pavements that are severely deteri orated ar e i deal candi dat es 

for pavement recycli ng . 
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PART V: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

74 . Based on this study , the conclusions are as follows: 

a . Recycling of flexible and rigid pavements is applicable 
to the maintenance and rehabilitation of Air Force 
pavements . 

b . Recycli ng should be considered a viable option on many 
maintenance and rehabilitation jobs . 

c . The cost- effectiveness of recycling improves each time 
the p r ice of asphalt cement , portland cement, or aggre­
gate increases . 

d . Pollution is a major problem to contend with when the 
hot - recycling process is used . 

Recommendations 

75 . It is recommended that : 

a . Mix design , pavement procedures , and performance 
criteria be provided for each of the processes 
discussed . 

b . Guide specifications be written for each of the pro­
cesses di scussed . 

c . A standard practice manual be prepared giving guidance 
on when and how to use each recycling process . 

d . A better understanding of the durability , strength , and 
fatigue resistance of recycled pavements under various 
climatic conditions be developed . 

e . Recycling agents for bituminous pavements be evaluated 
and criteria be developed for the use of these recycling 
agents . 
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